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FOREWORD

To permit expeditlous transmittal of performance data to those :
concerned, figures of "preliminary data" are presented herein. Prelim-
inary data are test data that have not received the complete analysis

and extensive cross-checking normally glven & set of NACA data before
release.
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NATTONAL ‘ADVASORY COMMITTEE FoR AFRONAUTICS®

RESEARCH MEMORANDUM

for the
Bureau of Aeronautics, Department of the Navy
PRELIMINARY DATA ON THE EFFECTS OF ALTITUDE AND INLET-PRESSURE
DISTORTIONS ON STEADY-STATE AND SURGE FUEL FLOW OF THE
Jd57-P-1 TURBOJET ENGINE

By Robert J. Lubick, Willlam R. Meyer, and Lewis E. Wallner

SUMMARY

An investigation to determine the effects of altitude and inlet-
pressure distortions on the steady-state and surge characteristics of
the J57-P-1 two-spool turboJjet engine is being conducted in the altitude
wind tunnel at the NACA Lewls laboratory. Steady-state performaence and
surge fuel flows were obtalned with a uniform inlet distributiond at
altltudes of 35,000 and 50,000 feet at & flight Mach number of 0.8. In
addition, similar data were obtained with ocne circumferential and three
radlal engine-inlet total pressure distortions at an altitude of 35,000
feet,

As the altlitude was increased from 35,000 to 50,000 feet for the
uniform inlet pressure distribution, the fuel-flow margin between
steady-state and surge was reduced conslderably for both compressor
bleed positions. Total-pressure distortions of the magnitudes investi-
gated had very little effect on the steady-state fuel flow. The cir-
cunferential distortion appreciably decreased the surge fuel-flow margin
in the high-speed region with the intercompressor bleeds closed while
the small radial distortions Investigated had 1little if any effect on
the surge fuel-flow line.

INTRODUCTICN

At the request of the Bureau of Aeronautics, Department of the
Navy, an Investigation is being conducted in the Lewls altitude wind
tunnel to determine the steady-state and transient performance of the
J57-P-1 turbojet engine. Preliminary data on the steady-state perform-
ance and operating characteristics of the engine are presented in
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references 1 ané¢ 2.: Tﬁbsegd&tétpavqr§dfa range of rotor speeds, various
bleed positions, and"BI{tudss up “to 50,00C foot-at a flight Mach number
of 0.8, '
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Further preliminary data on the effect of inlet-pressure distortion
on both the steady-state and surge characteristics are presented in
reference 3. The conditions covered by this report included one cir-
cumferential pressure distortion and three small radial distortions, at
altitudes of both 35,000 and 50,000 feet at a flight Mach number of 0.8.
The data of reference 3 are concerned primarily with the steady-state
compressor presgsure ratio and the pressure ratio at which engine surge
occurred during transient operation. The fuel-flow data associated with
these pressure ratios - both the steady-state values and the surge fuel
flow values - for an altitude of 35,000 feet are presented herein. The
effect of altitude on the steady-state and surge limit fuel-flow data
are presented for only the uniform inlet pressure distribution at alti-
tudes of 35,000 and 50,000 feet and & flight Mach number of 0,8. All
data were obtained over the complete operable range of englne speeds
and with the compressor bleeds both open and .closed.

APPARATUS
EIngine and Installation

A cross-sectlonal view of the J57-P-1 two-spool turbojet englne is
shown in figure 1. The inner spool consists of a seven-stage axial-flow
compressor connected by a hollow shaft to a single-stage shrouded tur-
bine. The outer spool consists of a nine-stage axial-flow compressor
and a two-stage shrouded turbine connected by a shaft inside of and
concentric with the hollow shaft of the inner spool. Rated inner-spool
speed 1s approximately 9600 rpm. The combustor is of the cannular type
having eight tubular liners each with six duplex fuel-spray nozzles.

The engine 1s equipped with two compressor bleed ports that permit
the bdleeding of air from the discharge of the outer compressor in order
to avold outer compressor surge. Opening and closing of the compressor
bleeds 18 scheduled with outer-spool speed and engine-inlet temperature.
This schedule is such that bleed actuation occurs between outer-spool
speeds of about 5000 and 5600 rpm for engine-inlet temperatures of -30°
and 120° F, respectively.

The turbojet engine was mounted on a wing section that spanned the
test section of the altitude wind tunnel. Atmospheric air was dried,
refrigerated, and throttled to the desired pressure level before being
supplled to the engine by means of inlet ducting. Automatic bleed
valves In the Inlet ducting were used to malntain the ram pressure at
the desired level during transient engine operation.
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Instrumentation used to measure steady-state engine performance is
indicated 1n figure 1. In addltion, engine fuel flow, inner compressor
speed, and englne-inlet total pressure were measured on a multiple-
channel osclllograph both during steady-state and transient operation.
The presence of rotating stall was indicated by oscilloscope obaerva-
tions of compressor inner-stage pressure transducer and hot-wire-
anemometer signals.

Types of Inlet-Pressure Distortion

The iInlet-pressure distortions were produced by screen segments
installed at the engine Inlet 13 Inches upstream of the inlet guide
veanes a8 Indicated In figure 2. In order to support the fine mesh
screens, a 1/4-inch-mesh screen was placed over the entire annulus.
The unlform Inlet total-pressure dilstrlbution is therefore the profille
exlsting behind this screen.

The configurations and sizes of screens are described in the fol-
lowing table and their location shown in figure 3:

Configuration |Type of Distortion Size- of Screen

(In addition to the
l/4—in. mesh
backing screen)
Undistorted Uniform None

A Circumferential | O0-#10-#20-#30 mesh

B Radial 0-#7-#10 mesh

C Radial 0-#10-#16 mesh

D Inverse radilal #10-#7- O mesh

PROCEDURE

Data were obtalned at a flight Mach number of 0.8 at an altitude
of 35,000 feet for the uniform inlet-pressure dlstribution, the circum-
ferential pressure dlstortion, and the three radial pressure distortions.
Data were also obtalned for the uniform inlet-pressure distribution at
50,000 feet and a flight Mach number of 0.8. The surge characteristics
wore determined over the complete range of rotor speeds with the maxi-
mum speed operating limit being limiting turbine-inlet temperature.
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The compresscrrb}éedé”yere maﬁuélly“ppéfﬁteé fbrEfEis investigdtion so
that the bleed valves could be Held”in’ &ithér the open or closed position,

independent of the normal bleed schedule.

The standard engine fuel control was replaced for this Investiga-
tion with a special fuel control to permit Introduction of step changes
in fuel flow. The standard fuel system (consisting of a primary and
secondary flow system) was also altered to permit operation with either
the primary or secondary flow system only.

3648

For each engine-inlet configuration, the steady-state operating
line and engine surge line were determined for the englne with the
standard exhaust-nozzle area. A series of various slze step changes in
fuel flow were introduced to determine the maximum amount of fuel flow
allowable to permit surge-free operatlon from a glven spool speed. For
each step change in fuel flow, the performence parameters were recorded
on transient Instrumentation.

RESULTS

Data presented In this report were obtained for two engines of the
J57-P-1 model. The effect of altitude was obtained for engine A
(Serial No. P-420150) for a uniform inlet-pressure distribution and the
effect of inlet-pressure distortion was obtained for engine B (Serial
No. P-420210) at one altitude.

Effect of Altitude

The effect of altlitude on steady-state operation and fuel-flow
surge limits (engine A) are presented 1in figures 4 to 8 at a flight
Mach number of 0.8 for two compressor bleed positions and a uniform
inlet-pressure distribution. Comparison of the fuel-flow surge limitas
with the steady-state operating line for altitudes of 35,000 and 50,000
feet are presented in figures 6 and 7, respectively. The fuel-flow
surge line 1s established by the maximum value of fuel flow that could
be Introduced without encountering engine surge. The surge fuel-flow
lines of figures 6 and 7 are presented in figure 8 for a direct com-
parison of the effect of altitude for compressor bleeds open and closed.
As the altitude was Increased from 35,000 to 50,000 feet, the steady-
gtate fuel flow was increased and the surge-limited fuel flow was de-
creased, resulting in a considerable reduction in the margin between
steady-state operation and surgs.
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The shape and magnitude of the total-pressure distortions imposed
on the engine at the Inlet are presented in figures 9 and 10. Part
(a) of each figure presents the pressure disvortlon at rated speed and,
part (b) shows the variation in distortion with engine speed. It should
be noted that the maximum radial distortion at rated speed has local
pressure devlations of only 2 or 3 percent in the tip region and about
7 percent in the hub region.

The effect of Inlet-pressure distortions on the speed match between
the two spools, the steady-state fuel-flow operating line, and the fuel-
flow surge limits at an altltude of 35,000 feet and a flight Mach number
of 0.8 are shown In figures 11 to 15 for englne operation with compressor
bleeds open, and figures 16 to 20 for compressor bleeds closed
(engine B).

With compressor bleeds open and for the magnitudes of distortions
investigated, the speed match between the two spools (fig. 11) and the
steady-state fuel-flow operating line (fig. 12) remalned essentially
unaltered. Figure 13 presents the fuel-flow surge limits and the steady-
state operating line for the uniform inlet-pressure distribution. The
fuel-flow surge limits for the circumferential distortion are compared
with the undlstorted surge line in figure 14 and the fuel-flow surge
lines for the three small radial distortions are compared with the un-
distorted surge line in figure 15. In general, the inlet-pressure dis-
tortions had 1little effect on the fuel-flow surge line with the compres-
sor bleeds open.

For compressor bleeds closed, the speed match between the two spools
(fig. 16) and the steady-state fuel-flow operating line (fig. 17) were
unaffected except that the steady-state rotating stall region for the
circumferential distortion (7300 to 8700 rpm) is considerably larger
than for the uniform inlet-pressure distribution (7300 to 7900 rpm).
Comparison of the undistorted fuel-flow surge line (fig. 18) and the
surge line for the circumferential distortion (fig. 19) shows a sub-
gtantial reduction in fusl-flow surge margin for the circumferential
distortion. Comparison of the fuel-flow surge lines for the radial
distortions (fig. 20) and the undistorted surge line shows very little
effect, as was the case for compressor bleeds open. As was previously
mentioned, however, the magnitude of radial distortions investigated
was relatively small and larger gradients, particularly in the tip
region, might have a larger effect.

Lewis Flight Propulsion Laboratory
National Advisory Committee for Aeronautics
Cleveland, Ohio, January 13, 1955
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(Note: Distortion screens were supported on a 1/4" mesh which spanned
the inlet annulus).

Figure 3. - Concluded. Sketch of screen segments for inlet distortion .
investigation.

CONFIDENTIAL



11

CONFIDENTIAT

NACA RM SESSA06

I3

-~

¢

LS o 4

WMH pigEs i it
WMW%. 4 s 2 HEE
= S = = B
= e £ T = S T n.«.mm :
T o s He d EE R
= : e Emaa s
: WWWWA Jw MMMH % : MQ«
= 1 2 :
ESEEE : : S B ; ShSEees
: S5y St m
e = = : i i - =
% S e et = St
: i e : Em
= EE e = cE e e o
- -
m mm tL..n Nrm s
= : =
= it : 5 S = MM- Eim S
st it : e e HEE
== e S ﬁm ot W;M
e e e e
i S5 - %m S = EEs : iR
= = .1
W © m H um aes : Lxmw Wrm :
&% : S S ."mmﬁﬁwwwnﬂw
S oo S e S
= T o e %mm Ecmiammi
: =% 3 : : H i ma e e e R SR
2 R _ e i
= oD = o it a ) i
= = e S :

. 2%9¢

10,600

,200

9800

9000

wda “Ogh/ON puw

Bq

8600

2-d0

8200

Tah/EN ‘poeds

1oode

7400

G A

7000

JBUUT Peq06aI07

6600

6200

5800

5200

8000 6400

5600

3200 3600 4000 4400 4800

2800

2400

Corrected outer spool speed, Nl/Ygi, rpm

- Varlation of corrected inner spool speed with corrected outer spool

speed for uniform inlet pressure distribution. Altitude 35,000 feet, flight Mach
Engine A.

number 0.8.

Figure 4.

CONFIDENTIAL



NACA RM SES5A06

CONFIDENTIAL

+ 3648

ed with corrected outer spool
Altitude 35,000 feet, flight Mach

Corrected outer spool speed, Nl/'y/ﬁ, rpm

Engine A.

12

B # 1 1 52 e
e h 1 i1 gts i
s 5 I e o , :
=t it HER S i 8
g e i T 5 S i g i 4
= - s e S ©
E HiES = ! R S ;
5 3 : oo ; 5 m
gian i X G
= e fee ©
=3 &A_ : SaFEeas penaztovs s Setatss
= BE < L»N@MM : i oy
SRS SEETEG = : I 8
= = et memmmmmmmwm Hiitiss 3
== wunz“ <
L : 2 N =
B & = : HE
=t = ; I o
= = ] S
aass [sM]
wn
== = a5 =
: o S
T : T REEET ymas [43]
= <t
3 T ¥ o
: 32
; : ins % <«
: 2 Wmmmmm
Y 5 1 ol o
, s
mmwmme S
T T = :mmmMWﬁ
s e =t SEenEREnaE
o
e : E S
B o 3 2
o o]
it i :
= 20 ¢ O
P T oo E : T
: o © = % Q
o S ) = it w
Ee : R o g : MO
: o O B
: S © © T
~ o =
: mm E s : ; : :
e o i 3 t i m
w 5 it : : e T W o
2= S i : ]
a

10,200

9800 4

9400
9000
8600
8200
7800
7400
7000

wda .wmy\wz pus m@?\mz ‘peeds Toods aeuujl pe3oedaop

6200

5800

speed for uniform inlet pressure distribution.

Figure 5. - Variation of corrected inner apool spe
number 0.8.



CONFIDENTIAL

NACA RM SES55A06

anan

[ S Y

*¥ eurdug
sanssead 4eTuU} wJaoJiup

‘g0 <equmu YoBK IYBTTI ‘396F 000‘SE OPMITITV
*suojqisod peerq Josseadwod omq J0J ouyl Buijsaedo

*UOT3NQTIIS TP

e983s~-Lpeegs UaTa s3Twil oFans mory TenJ eujidue Jo uosjasdmo) =~ *g eandid

000°0T 0096

wdz ‘Tgh/2N ‘peeds Toods Jeuuy peqoéJJoo

00g6 0088 00%8

0008

0094 003L 0089 00¥%9

0009

T

0

0002

uedo spéeté
pesoIo. spesld
seut] Burgeaedo

000%

09848-£pBOIS

0009

0008

00001

uedo speeld

pesoro speeld

touUTT e3ang

poeso1o speeld O

uedo speeld O

uoiavaedo. ©1836-LpBeag

e3uns esujlue £q

eBang eujdue ou

000°3T

pemoTToJ moTJ Teng uf dejs O

000‘%T

‘mo1J 1eng uy deag o

SRR

=

00°91

28 5
1
A

8¥%9¢

au/at ‘Igju To/In ‘mory 1eng euiBue pejoetaod

CONFIDENTIAL




TVILNATTANOD

Corrected engine fuel flow, Wp/dy AB7, 1b/hr

TN TS 3 T
16,000 i i HiE; ik
R i fon I
Step in fuel flow, - $ £ i ' : t
no engine surge ; :
14,000 1 Step in fuel flow followed s H 5
by engline surge HEE : g R R ‘
kA Steady-state operation ;
£ O Bleeds open
. Q Bleeds closed
12,000 e g .
s i o Surge line: ‘
10,000 Bleeds closed A
Blesds open =
6000 ' :
= = Steady—stats”
: ‘ 5 S ; operating line:
4000 £ s B e S Sniane Bleeds closed
R e = T o Fi s = 1Bleeds open
2000 —fEEtE s e R
. == = =n e e
6000 6400 6800 7200 7600 8000 8400 8800 9200 9600 10,000

Corrected inner spool speed, Ng/Y@i, rpm
Figure 7. = Comparlson of engine fuel flow surge limits with steady-state

operating line for two compressor bleed positiona. Uniform lnlet pressure
distribution. Altitude 50,000 fest, fiight Mach number 0.8. Engine A.

B8¥%9¢

Y Y vy
TYY Y

L)
3y 2D

23330

TVILNHITANOD

90VSSES WY VOUN



ZEAR

NACA RM SES2A06 CONFIDELFTIAL 15

Corrected engine fuel flow, Wp/d) 87, 1b/he

-~ ~ ~ ~ ~ ~

~ U Y oo~ A

~ ~ 2 N~ - -

~ ~ o SAe ~ 3

«® o AL LI T s B S S S W ~n A A -~

‘ A il il B il i m
T i m i ; I
16,000 £ H i it i+ i i ik i i
35,000 feet T i Bl 0
~— — —— 50,000 feot HHiii i it [l
14,000
12,000
H i
Surge lines-s
i i
10,000 Hin
HHH r
B T G R R / il
i o] «ﬁl:._
8000 il
i
Steady-state :
(a) l' g operating lines AIHEH
6000 il : a Bgéads.closed y ﬁ?
iH il i
; il
10,000
#4 1
?
8000
LT
6000 i
(b) Bleeds open
H 1t
4000 e Res :
it i lﬁ : ; .
i i
2000 —¥X il i ‘lﬂl: il f: i
Y i HHH g?ﬁig
| L
0 : HEIHRHE s i i gg
6000 6400 6800 7200 7600 8000 8400 8800 9200 8600 10,000

Corrected inner spool speed, Nz/Ygi, rpm
Figure 8. - Effect of altitude on engine fuel flow surge limits for two compressor

bleed positions. Uniform inlet pressure distribution. Flight Mach number 0.8.
Engine A.

CONFIDENTIAL



16

Deviation of local pressure

Maximum total pressure variatlon,

CONFIDENTIAL NACA RM S355A06

! REPEPY

IR I
>
b
Bl

T i J Faro T IT H{I T
L L L b R R R
sEecaccncint s nasatean RNRE o Undistorted
o - 0O Circumferential
° Ch
> 1.1
o i
alen
o.
£
3
(0]
]
()]
& H &
2 1,0
° 2
%0
(ﬁ "
£
D
4
o
g
S
& 0.9
0 120 240 3€0
Circumferential location (degrees from top clockwise
looking aft)
Figure 9(a). Typical circumferential total pressure profile.
z Corrected engine speed, 100% of rated. .
.2
=
Lol
ol o
>
s | a
e
g .1
Q(E 1
.0 H
3000 3800 4600 5400 6200 7000

Corrected outer spool speed, N1/67 (rpm)

Figure 9(b). Effect of outer compressor corrected speed on the

clrcumferential total pressure gradients. Altitude, 35,000 feet;
flight Mach number, 0.8,

CONFIDENTIAL

8¥92



3648

CB-3

NACA RM BESSAO6

Deviation of local pressure

Piocal

variation,

pressure

Maximum tctal

from aversage pressure,

P&VG

CONFIDENTIAL

~ ~
~on A ~ e
o KaRet

~ ~en

< ool 20 s S W

O Undistorted
[0 Radial B
A Radlal C

=
L4
-

4 Inverse radial DV

¢ e o ——— g,

17

|

aaa

i i1
I
! §
i
11
;1)

i

0 2 4 6

8

10

Radial location, inches from outer surface

Figure 10(a). Typical radial total pressure profiles.

Corrected engine speed, 100% of rated.

0277
o Wl i i
= ks . 14 !
x B LA
'::—:E." - ul it jaun i1
o i tH s Ho e Y %ll o
3000 3800 4600 5400 6200 7000

Corrected outer spool speed, Ni/P7(rpm)

Flgure 10(b). Effect of outer compressor corrected speed on the
Altitude, 35,000 feet;

radlial total pressure gradients.
flight Mach munber, 0.8.

CONFIDENTIAL




18 CONFIDENTIAL NACA RM SE55A06

- P ~ e ~ : ~o
oA [ a o o~ !
Ante . e~ o= DA
N [ [alalie )
a oA on Ao A oA ” no
TR et eI ¢
HiHH il il b mﬂ i i g
= statani,
10,600 : aiiithtin ¢
: 2 H
3 3 3t
10,200 i
AT i i
E! i i W i
i i i
9800 -HE I O Undistorted
O Circumferential A i
: <O Radial B £ h
it ARadial C ' ' : %f W%%
4 Inverse radial D psstt H H H |
9400 : i +i§ H tHE
g E G 1 it
3 i
&
lg 9000
~
(oM
=4
ke
[
S 8600
kg: .
~
o H
=
. 8200
o
4 £ee A
a, 1
® H
Hi
= 7800
(o]
a,
L]
£ el
g 7400 iR 4
~
3 e
Fh)
? 7000 i i
& : it
5 il
© » it
6600 4 i
i i
6200 i Bhigi sl 3
i
5800 - '
2400 2800 3200 3600 4000 4400 4800 5200 5600 6000 6400

Corrected outer spool speed, N1/461, rpm

Figure 11. - Variation of ocorrected inner apool apeed with corrected outer spool
speed for several inlet pressure distortions. Altitude 35,000 feet, flight s
Mach number 0.8, compressor bleeds open. Engine B.



19

10,000 10,400

compressor

LY}

CONFIDENTIAL

NACA RM SE55A06

. B¥9¢

ay/a1 “‘Tgh Tg/Im ‘mo1y Teng euiBue pesoeddon

30wq ¢-40

i : i H 32 uﬂ. Hit %m
S g e
SEE e S “, e - f i
”q_w : t e = _..WU e i m. e 4
£ .“ mmm ‘HT; ; e i L e
£ S : s
= ittt x“m% EEE s e s
£ 155 EmiEn e
s _ - - =
= _ S i = W
i :
@nnnnunn E mm : : ;W
, : : =
S . S
4 : _ = i
. e
1 R ;
SIrsasiics i R mmnmmm H e e
T E :
m < a Sszases
E ~
b o« —~
= i o
= 2 a
i %8s 7 : e ,
= £inc
= 34 o :
42 -0 T
oS ad
— QO ©
o £TT B
R ] i
E E Dome - 2 = i =
onOd N & : :
O (o] (o] [o} (o] o [ (o4 o o o o
Q Q [e] Q Q o o (o] [o] Q Q
3 s} o Q ) S S S I} S S
- - [+ @© o~ © w < © [Y] —
- )
— —

6800

7600 8000 8400 8800 9200 9600

7200

6400

Corrected inner spool speed, Np/A61, rpm

-state operating line for several inlet

Altitude 35,000 feet, flight Mach number 0.8,
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Corrected engine fuel flow, Wf/‘gl '{51, 1o/hr
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Corrected. inner spool speed, No/48y, rpm
Figure 17. - Englne fuel flow steady-state operating line for several inlet

pressure distortions. Altitude 35,000 feet, flight Mach number 0.8, compressor
bleeds closed./ Bngine B.
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Corrected engine fuel flow, Wp/dy 67, 1b/hr
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Corrected inner spool speed, Ng/#@l, rpm

Figure 18. - Comparison of engine fuel flow surge limits with steady-state
operating line for uniform inlet pressure distribution. Altitude 35,000 fest,

flight Mach number 0.8, compressor bleeds closed.

Engine B.
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Corrected engine fuel flow, We/dy 487, 1b/hr
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Corrected inner spool speed, N,/4®;, rpm

Figure 20. - Effect of radial inlet pressure distortions on engimne fuel flow surgs
limits. Altitude 35,000 feet, flight Mach number 0.8, compressor bleeds closed.

Engine B.
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